INTRODUCTION
The JMP has classified water sources into 'improved' and 'unimproved' categories (Table 1) , as an interim measure of drinking water safety (WHO & UNICEF a).
Thus, it considers the 'use of an improved drinking water source' as a simple proxy indicator of access to safe drinking water, assuming that water collected from 'improved sources' is more likely to be 'safe drinking water' than water collected from 'unimproved sources'. Consequently, this approach evaluates the access to specific types of water sources, but not the quality of water sources. The key concern is the inclusion of the word 'safe' in the target 7c of the MDGs and whether or not the available data on water quality are suitable both for monitoring access to safe drinking water until 2015, as well as for providing a retrospective estimate of access at baseline in 1990 (Bain et al. ) . The term 'sustainable access' in target 7c is also imprecise, as it includes aspects such as time required for collection, temporal availability of water supplies over days or seasons, affordability and equity, which are not currently described in household surveys.
'Safe drinking water' is defined by WHO as drinking water which 'does not represent any significant risk to health over a lifetime of consumption, including different sensitivities that may occur between life stages' (WHO ). The JMP reports that 783 million people in the world (11% of the total population) have no access to safe water; 84% of whom live in rural areas (WHO & UNICEF ). Nevertheless, a recent publication (Bain et al. ) shows that assessing the safety of drinking water according to whether or not it comes from an improved source is likely to overestimate the proportion of the population with access to safe drinking water. In fact, some improved sources may provide unsafe water, or be unsafe at the source or by the time it reaches home and is consumed, particularly in developing countries (Wright et proportion of the population with access to safe drinking water resulted in lower values than the JMP estimate. The absolute reduction was 11% in Ethiopia, 16% in Nicaragua, 15% in Nigeria and 7% in Tajikistan. Microbial contamination was more common than the chemical one.
Another study (Onda et 
METHODS

Description of the sampling site
The study area is a valley crossed by the Logone River and located on the border between Chad and Cameroon (Figure 1(a) ). In Cameroon, the zone is part of the Depart- were selected to continue the monitoring programme. The choice was made considering two criteria: the water source most used by the families investigated in the survey and the location of the village. These were chosen in order to consider all the source typologies throughout the entire territory of the Logone valley. People were using different types of sources and the one most used is indicated in Table 2 . This means that people living in the same village can use both improved and unimproved sources that may have different health effects. In the case of similarity between two or more villages, the percentage of unsafe domestic buckets used to store water, the percentage of people affected by a diarrhoeal disease and the willingness to pay for an improvement in the water sector in the village were considered. The domestic buckets were considered unsafe when not covered and/or with deposits and/or in contact with animals; the diarrhoeal diseases were estimated over the last month and self-reported by the interviewee; the willingness to pay was calculated as the amount/month that the family was able to pay for drinking-water quality improvement. The selected villages are represented in Figure 1 (b) and the corresponding values of the criteria, based on the questionnaires, are indicated in Table 2 . Among these sources, only standpipe waters were chlorinated before distribution and no other treatment was applied at a domestic level. In total, 37 water sources were considered for the study: three (8%), nine (24%), nine (24%), seven (19%) and nine (24%) for the categories 1, 2, 3, 4 and 5 respectively. The distribution of these sources in the different villages is indicated in Table 3 .
Sanitary inspections
Sanitary inspections are necessary to support microbiologi- 
Microbiological analyses
Water samples were collected from the different sources applying the procedures indicated by Bartram & Balance () and WHO (). One-litre plastic bottles, that were previously sterilized by an autoclave, were used. The samples were immediately stored in ice boxes and analysed at the laboratory within 6 hours from the sampling. The Total sources Number of samples N ¼ 37 this source provides safe water. Therefore, during the survey in the Logone valley, the second step for evaluating drinking water safety consisted of verifying if water met microbiological standards set by WHO. Table 5 reports the mean, the minimum, the median and the maximum values, for each source category and for each faecal indicator measured in the water samples. Then, the data were re-elaborated calculating the percentages of samples belonging to five different levels of contamination for E. coli (Figure 3(a) ), Enterococci (Figure 3(b) ) and Salmonellae content (Figure 3(c) ). For E. coli, the contamination levels correspond to different levels of health risk, as indicated in Table 6 (WHO ).
RESULTS AND DISCUSSION
From Figure 3 , it is possible to observe that, for E. coli, 100% of the boreholes and the piped waters complied with WHO guidelines as expected ('improved sources') and, at first glance, they could be considered safe sources. As with faecal contamination from sewage discharges, livestock and/or wild animals.
Finally, Enterococci were observed in all the boreholes with hand pump and Salmonellae in three (33%) of them, while both Enterococci and Salmonellae were found in tap water of Fianga. In all these sources E. coli were absent. As a consequence, these sources cannot be considered safe for drinking use, although they were considered 'improved sources' according to JMP classification and they were free from E. coli. (Table 7 (c)). In Table 7 (a) it is worth noticing that, although 56% of boreholes had a high sanitary risk score, they were E. coli free like the other boreholes Considering the open dug wells with concrete walls (Table 7 (b)), for Enterococci the majority of the samples with a high sanitary risk belonged to the 1,000 CFU/ 100 mL class of contamination, while those with an intermediate sanitary risk were equally distributed between the 100-999 and the 1,000 CFU/100 mL classes. As regards Salmonellae, the high sanitary risk was associated with densities of 109-999 and 1,000 CFU/100 mL, while all the samples with intermediate sanitary risk belonged to the 1-9 and the 10-99 CFU/100 mL classes of contamination.
Also for this water source category, regarding E. coli, an unexpected distribution of the samples was observed. In fact, some samples with an intermediate sanitary risk had 100-999 CFU/100 mL, while those with a high sanitary risk belonged to 1-9 and 10-99 CFU/100 mL classes of contamination. A similar behaviour was observed for the simple dug wells (Table 7( During the monitoring survey, it was also observed that the microbiological contamination increased particularly when the risk score was more than 6, passing from the intermediate level to the high one. This phenomenon is represented in Figure 4 that shows the count per 100 mL of E. coli, Enterococci and Salmonellae for the boreholes with hand pump (Figure 4(a) ), the dug wells with concrete walls (Figure 4(b) ) and the simple dug wells (Figure 4(c) ) in the This could be due to its recent construction in 2012.
Finally, combining data from the JMP water source classification, microbiological analyses and sanitary inspections, it was possible to identify the villages at risk from a health perspective. The results are reported in Table 8 and categorize the target villages considering these parameters.
First, it is worth noticing that 11 out of 14 villages had one improved source and that all these improved sources had 0 CFU/100 mL of E. coli. Secondly, among the 11 villages using an improved source free from E. coli, six villages had their source characterized by a sanitary risk score higher than 2 (upper limit for the low sanitary risk) and all these sources were also contaminated by finally resulted that in only two villages (Yagoua and Bongor), the improved source used by the population (piped water) had no E. coli, Enterococci and Salmonellae and had a low sanitary risk score; these two conditions were used in this study to assess water safety. On the contrary, in the other 12 villages, it was not possible to state that people were using safe water; three and nine of them respectively were using unimproved sources and improved sources without E. coli but contaminated by Enterococci and Salmonellae.
These results represent the first set of data on the microbiological water quality in the Logone valley and they confirm the high level of sanitary risk already observed in other areas of Cameroon (Mbawala et al. ) .
CONCLUSIONS
This study concludes that the JMP water source classification and E. coli measurements are not sufficient to state how safe the water is. In fact, some improved sources were microbiologically contaminated and some E. coli free sources presented Enterococci and/or Salmonellae.
A correspondence between microbiological contamination (Enterococci and Salmonellae content) and sanitary risk was observed; in particular, the increase in microbiological contamination was more evident when the sanitary risk score was higher than 6. Furthermore, in some cases, Enterococci and Salmonellae were found in sources with a low sanitary risk. Consequently, the results of this study suggest that both sanitary risk and microbial water quality should be assessed to determine water safety.
This assessment also demonstrated that in the Logone valley (Chad-Cameroon) bacteriological contamination was a primary water quality concern, that affected 12 out of 14 villages. In fact, three of these 12 villages were using unimproved sources and the other nine villages were using an improved source with 0 CFU/100 mL of E. coli that was contaminated by Enterococci and Salmonellae.
Consequently, the study finally concludes that integrated approaches that combine different levels of investigation are is the primary indicator to represent faecal contamination and it can be detected with rapid and simple tests. Otherwise additional parameters (e.g. Enterococci) can be recommended to integrate the results of the E. coli analysis.
When the contaminated sources and the origin of contamination are identified, intervention programmes could be planned to prevent and/or solve water quality concerns. In the Logone valley, within the cooperation project of ACRA, better management and protection of the sources, hygiene improvement and domestic water treatment before consumption were studied and implemented as possible solutions to reduce health risks in the villages. 
